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35 word Abstract 

Neutrons can effectively be used to screen electronic parts intended to be used in Low Earth Orbit. This 
paper compares neutron with proton environments in spacecraft and discusses recent comparison 
testing. 


For the last 20 years, NASA has used 200 MeV proton beams to test and screen thousands of electronic 
parts quite successfully for the Space Shuttle and International Space Station programs [1, 2], All of this 
testing has been completed at the Indiana University Cyclotron Facility (IUCF), which has recently closed 
permanently. This closure is a huge impact to NASA and industry and other facilities will need to be 
identified as replacements. This paper investigates the feasibility of using neutrons to test for single 
event effects, excluding those parts susceptible to proton direct ionization, for the Low Earth Orbit (LEO) 
environment. Neutrons are attractive for the following reasons: 

1) neutron and proton inelastic cross sections are practically identical above 50 MeV 

2) neutron environments inside thick shielded spacecraft are significant 

3) previous comparisons of neutron vs. proton testing has been successful 

4) the Los Alamos LANSCE facility is currently available to the community and provides 
neutrons that cover the LEO space environment 

5) because neutrons do not have ionization losses, lower fluxes of poly-energetic beams can 
allow for stacking of parts/boards to test multiple items simultaneously 


Environment and Motivation 

The ISS is at a 51.6 degree inclination, 200 nautical mile orbit. This trajectory allows it to pass through 
the South Atlantic Anomaly (SAA) several times per day, with each pass approximately 10 minutes in 
duration. The SAA is a segment of the proton Van Allen belt that dips to low altitude over the South 
Atlantic/South America region as a result an offset of the Earth's dipole moment of the magnetic field. 
Additionally, because of the 51.6 degree inclination, the ISS passes through very high magnetic latitudes, 
thereby passing through regions of pace near the open magnetic field lines and receiving close-to the 
free space Galactic Cosmic Rays (GCR) fluxes. These two radiation sources produce the spacecraft 
internal neutron environments. 

The Badhwar-O'Neill GCR model along with the NASA HZETRN transport code were used to determine 
the neutron fluxes inside the ISS [3-5], This data was validated with FLUKA Monte-Carlo transport code 
[6-8], Figure 1 shows that the neutron environment inside the ISS is several orders of magnitude higher 
than protons generated by SAA protons and GCR's. Furthermore, the secondary neutrons created by 
the GCR's are the dominate source of the total neutron spectrum. Given the similarity of the neutron 
interaction cross section to the proton interaction cross section, the neutron environment may be the 
critical environment for electronic parts with low Linear Energy Transfer (LET) thresholds. 


Modeling and Testing 

The Los Alamos Neutron Science Center (LANSCE) provides the best neutron spectrum for creating 
neutron environments for atmospheric and LEO studies [9], FLUKA was used to investigate the 
secondary LET environment produced by a typical LANSCE neutron spectrum as well as the 200 MeV 
mono-energetic proton beam, typically provided by IUCF. 
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Figure 1: Comparison of protons and neutrons inside the ISS produced by the interaction of Van Allen 
belt protons and Galactic Cosmic Rays interactions with shielding. 



Figure 2: Comparison of 10 years of ISS Environment data with a typical Iel0/cm2 proton test with 200 
MeV protons and with 4 hours of poly-energetic (1-750 MeV) neutron beam. 


The simulation validates the 1998 O'Neill result [10-11] that protons can reasonably reproduce the LEO 
secondary LET spectrum. Additionally, as expected based on the similarity of the interaction cross 
sections, the neutron spectrum also reproduces the secondary LET spectrum in a similar fashion. 
Additionally, it should be noted that protons and neutron interactions with silicon cannot produce 
secondary heavy ions with LET'S greater that approximately 14-15 MeV/mg/cm2. There is some residual 
risk in LEO for not evaluating between 14< LET <36 (or higher) MeV/mg/cm2. 

Previous testing has shown very good agreement between measured error cross-sections using proton 
and neutron beams [9, 12, TBD], In January, 2015, NASA tested various Flash Memories and Solid State 
Drives, whose soft and destructive errors have been observed in standard proton testing, at the LANSCE 
facility. Table 1 shows the summary and comparison of the results of such testing to indicate that 
neutron beams can be usable to screen for single event effects. 




Average Measured Cross Section (cm2) 

Part type 

SEFI - Proton 

SEFI - Neutron 

Failure - Proton 

Failure - Neutron 

SanDisk 

1. Ole-9 

2.71e-9* 

1.46e-9 

1.71e-9* 

Delkin 

2.13e-9 

1.70e-9* 

1.04e-9 

2.43e-9* 

ADATA 128GB 

1.44e-9 

3.39e-9* 

none 

none 

Crucial 480GB 

2.80e-9 

2.44e-8* 

1.40e-9 

1.35e-9* 


*Analysis is on-going, to be refined 


Table 1: Summary of testing results. Flash Drives and Solid State Drives where tested with both the 200 
MeV proton beam from IUCF and the (1-750 MeV) LANSCE neutron beam. Single event functional 
interrupt as well as destructive failure cross sections were measured. 


The results show that for both SEFI and for destructive failures, that the neutron beam stimulated both 
error modes as well as produced cross sections generally less than a factor of 2 relative to the proton 
test. The sample size used during the neutron test was significantly different than the sample size used 
in the proton test, which may explain for some of the difference. 


Summary 

For LEO space environments, neutrons can be the dominant interior energetic particle source and 
should be considered when evaluating part performance. Fundamental physics modeling validates that 
the secondary LET environment is identical to that produced from the standard 200 MeV proton test. 
Simple commercial parts have been tested with both the mono-energetic proton beam as well as the 
poly-energetic neutron beam and show very good agreement with each other. Additionally, for the 
devices tested, both soft errors and destructive errors were stimulated consistently. The results 
presented here indicate that neutrons are important inside spacecraft and that they can be used 
effectively to screen for single event effects. 
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